ABSTRACT Inhibition of microbial uricase in poultry manure is critical to reduce NH 3 volatilization, because hydrolysis of uric acid by microbial uricase is the first step in the production of NH 3 gas in poultry manure. Three experiments were conducted to evaluate the effects of minerals on uricase activity and NH 3 volatilization from poultry manure. In Experiment 1, an in vitro enzyme assay was used to evaluate the effects of Zn, Cu, Mg, and Mn on the activity of microbial uricase. There were three treatments: uricase, uricase + minerals, and uricase preincubated with minerals. Uric acid concentration was measured at 293 nm with a spectrophotometer. The results indicated that Zn and Cu greatly blocked the activity of microbial uricase (>90% inhibition), whereas Mg and Mn were less inhibitory. Experiment 2 was designed to evalu-
INTRODUCTION
As public scrutiny of the environment has increased, the poultry industry has faced pressure to reduce harmful impacts to the environment. One of the major environmental concerns associated with the poultry industry is NH 3 volatilization, which increases atmospheric acid deposition (Moore, 1998) . Sims and Wolf (1994) reported that over 50% of poultry manure N might be volatilized in the form of NH 3 . Later Patterson and coworkers (Patterson et al., 1998; Lorenz, 1996, 1997) documented the proportion of feed N in commercial broilers (18.4%), pullets (31.5%), and hens (40.0%) lost to the atmosphere. Many studies have demonstrated that high levels of NH 3 on farms could reduce feed efficiency, growth rate, and egg production (Charles and Payne, 1966; Reece et al., 1980; Caveny et al., 1981; Deaton et al., 1984) , damage the respiratory tract (Nagaraja et al., 1983) , and impair immune responses (Nagaraja et al., 1984) . Thus, reduction of NH 3 volatilization is very important to maintain human and animal health and a clean environment.
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ate the effect of ZnSO 4 on the growth of uric acid-utilizing microorganisms by an in vitro assay. There were three treatments: control, ZnSO 4 (10 mM), and ZnSO 4 (50 mM). The results indicated that ZnSO 4 significantly reduced the number of uric acid-utilizing microorganisms compared to the control. In Experiment 3, an NH 3 -trapping system was used to evaluate the effect of different levels of ZnSO 4 on NH 3 volatilization and nitrogen retention in poultry manure. Poultry manure (300 g) was mixed with 0, 0.15, 0.3, 1.5, 3, or 6 g ZnSO 4 to create manure concentrations of Zn at 0, 0.05, 0.1, 0.5, 1, or 2% (wt/wt), respectively. The 1 and 2% ZnSO 4 treatments significantly increased manure uric acid and total nitrogen retention by reducing NH 3 volatilization compared to the control during the 3-wk incubation.
Ammonia losses from poultry manure are enhanced by microbial activity. Uric acid, the dominant N form in poultry manure, is converted into allantoin by microbial uricase. The allantoin is further broken down into NH 3 by other microbial enzymes (Bacharach, 1957) . Therefore, inhibition of these key enzymes is critical in preventing NH 3 volatilization.
We hypothesized that if the activity of microbial uricase were inhibited, NH 3 volatilization may be reduced in poultry manure. There are several minerals such as Zn, Ni, Co, Cu, Cd, Cr, Mg, Ag, Mn, and Pb that inhibit the activity of uricase from Bacillus fastidiosus or Enterobacter cloacae (Bongaerts et al., 1978; Machida and Nakanishi, 1980) . These minerals could be evaluated as uricase inhibitors in order to reduce NH 3 volatilization in poultry manure. For the present study, Zn, Cu, Mg, and Mn were chosen as potential uricase inhibitors because these minerals are common dietary mineral additives in poultry diets.
Therefore, the objectives of this study were as follows: 1) to evaluate the effects of Zn, Cu, Mg, and Mn on the activity of uricase from Arthrobacter globiformis because Abbreviation Key: A = absorbance, with subscript number to indicate wavelength; PSU-PERC = Pennsylvania State University-Poultry Education and Research Center. this genus is one of the major uricase-producing microorganisms in poultry manure and litter (Schefferle, 1965) , 2) to determine the effect of ZnSO 4 on the growth of uric acid-utilizing microorganisms isolated from poultry manure, and 3) to evaluate the effect of ZnSO 4 on reducing NH 3 volatilization and enhancing manure uric acid and total nitrogen retention using an NH 3 -trapping system.
MATERIALS AND METHODS

Experiment 1
To evaluate the effect of Cu, Zn, Mg, and Mn on microbial uricase, an enzymatic assay for uricase from A. globiformis was conducted according to the Sigma quality control test procedure (Sigma, 1999) . Three treatments were examined: uricase, uricase + minerals, and uricase preincubated with minerals. The contents of each treatment are described in Table 1 .
For the uricase treatment and the uricase + mineral treatments, borate, uric acid, uricase, or applicable mineral solutions were mixed immediately before the assay. However, for the uricase preincubated with minerals, before the assay, uricase was preincubated with minerals (CuSO 4 , ZnSO 4 , MgSO 4 , or MnCl 2 for 15 min), because mineral treatments might need time to block uricase activity. The pH levels of all treatments were approximately 8. After a 15-min incubation, a boric acid solution containing uric acid was added to the uricase solution. After mixing the solutions thoroughly, a 1-mL aliquot from each treatment was pipetted into methylacrylate semimicro cuvettes, and the solutions were scanned against appropriate blanks using a DU8 spectrophotometer.
2 The absorbance at a wavelength (A 293 nm) was determined for a 1-cm light path because the A 293 nm read by a spectrophotometer measures uric acid concentration, and the decrease in A 293 nm was recorded every minute for 5 min.
Experiment 2
In order to evaluate the effect of ZnSO 4 on the growth of uric acid-utilizing microorganisms, these microorganisms were first isolated from poultry manure, and the effect of ZnSO 4 on growth was evaluated.
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Isolation of Uric Acid-Utilizing Microorganisms. Uric acid-utilizing microorganisms were isolated in uric acid media in accordance with the procedure of Schefferle (1965) . Fresh broiler manure was collected from the Pennsylvania State University-Poultry Education and Research Center (PSU-PERC). The uric acid medium comprised 1 g of uric acid, 6 g of Na 2 HPO 4 ؒ12H 2 O, 2.5 g of yeast extract, and 100 mL of mineral solution. Distilled water was added to 1,000 mL. The mineral solution contained 1 g of KH 2 PO 4 , 0.1 g of CaCl 2 , 0.3 g of MgSO 4 ؒ7H 2 O, 0.1 g of NaCl, 0.01 g of FeCl 3 ؒ6H 2 O, and distilled water to 1,000 mL. For agar plates, the uric acid medium containing 1.5% agar was autoclaved at 121 C for 30 min.
One gram of poultry manure was incubated in a 300-mL flask containing 50 mL of uric acid medium at room temperature for 24 h. Then, a 0.1-mL aliquot from the 24-h incubated enrichment was transferred and incubated for 24 h in a 300-mL flask containing 50 mL of new uric acid medium. After incubation, a 0.1 mL-aliquot from the enrichment was transferred to new medium and incubated for 24 h at room temperature. Inocula from the enrichment were used to evaluate the effects of pH or ZnSO 4 on the growth of uric acid-utilizing microorganisms.
The population of uric acid-utilizing microorganisms was determined according to the procedure of Seeley et al. (1998) . One gram of poultry manure was diluted with 9 mL of sterile distilled water. A 1-mL aliquot of poultry manure suspension was pipetted into a dilution tube containing 9 mL of sterile distilled water. This 10-fold dilution was repeated to make a final dilution of 1:10 8 . A 0.1-mL aliquot from each dilution tube was pipetted to the uric acid agar plate and spread on each plate using a sterile glass spreader. After incubating the plates at room temperature for 24 h, the colonies on each uric acid plate were counted.
Effect of pH on the Growth of Uric Acid-Utilizing Microorganisms. Fifty milliliters of fresh uric acid medium was added to a 125-mL flask. The pH was adjusted with 0.1 M HCl or NaOH to make media pH levels of 3, 5, 7, 9, and 11. Each medium was autoclaved at 121 C for 30 min. Then, 10 µL of poultry manure enrichment that had been transferred three times in fresh uric acid medium was inoculated into each treatment. After 24 h of incubation at 25 C, the population of uric acid-utilizing microorganisms was determined on uric acid agar plates.
Effect of ZnSO 4 on the Growth of Uric Acid-Utilizing Microorganisms. Fifty milliliters of fresh uric acid me-dium was added to a 300-mL flask. ZnSO 4 levels were adjusted to 10 or 50 mM by adding 0.1438 or 0.719 g of ZnSO 4 . Then, 10 µL of poultry manure enrichment that had been transferred three times in fresh uric acid medium was inoculated into each treatment at 25 C. During an 8-d incubation, the population of uric acid-utilizing microorganisms on the uric acid agar plate and the change in media pH were determined on Days 2, 5, and 8.
Experiment 3
In order to evaluate the effect of different levels of ZnSO 4 treatment on NH 3 volatilization and N retention using an NH 3 -trapping system, fresh broiler manure was mixed with ZnSO 4 to make Zn concentrations of 0, 0.05, 0.1, 0.5, 1, and 2% in manure (wt/wt).
Fresh broiler manure was collected from the PSU-PERC. Three hundred grams of the ZnSO 4 -treated manure was placed in a 1,000-mL flask with a stopper. The flask was connected to a pump 3 and another flask (125 mL) containing 50 mL of a 1 M boric acid solution for trapping NH 3 gas volatilized from the manure. The amount of trapped NH 3 gas was titrated with 0.1 M HCl on Days 6, 9, 12, 15, 18, and 21, and new boric acid solution was added after each titration.
After a 3-wk incubation in the flask at room temperature, the manure samples were analyzed to measure pH, uric acid N by a colorimetric method (Alumot and Bielorai, 1979) , and total N by the Kjeldahl method (AOAC, 1994).
Uric Acid Colorimetric Determination
A 0.5-g sample of manure was placed in a 100-mL flask containing 50 mL of 0.5% borate buffer and shaken on a mechanical shaker for 30 min at room temperature. After shaking, the solution was transferred to a 100-mL volumetric flask, and the borate buffer was added to 100 mL. A 30-mL aliquot was centrifuged at 5,000 × g for 10 min. For color development, a 0.5-mL aliquot from the sample solution and 0.5 mL of color reagent were pipetted into methylacrylate semimicro cuvettes. The solutions were scanned against the appropriate blanks using a DU8 spectrophotometer.
2 The absorbance at 450 nm wavelength was determined for a 1-cm light path. All analyses and determinations were conducted in duplicate.
Statistical Analyses
The data from all experiments were subjected to oneway analysis of variance as a completely randomized design using the general linear models procedure of SAS software (SAS Institute, 1994 ). Significant differences among the means were determined by using Duncan's multiple-range test (Duncan, 1955) at P < 0.05.
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The data from in vitro uricase assays and the ammonium-trapping system were analyzed using regression analysis. Significant differences of slopes between the control and each mineral treatment were determined by comparison of two regression lines at P < 0.05 (Neter and Wasserman, 1974) .
RESULTS
Experiment 1
Uricase alone resulted in a time-dependent decrease in uric acid levels. The effect of ZnSO 4 on the microbial uricase activity is presented in Figure 1a . The uricase + ZnSO 4 and the uricase preincubated with ZnSO 4 treatment inhibited 91 and 98% of the microbial uricase activity (P < 0.05), respectively.
The uricase treatments with CuSO 4 showed a similar trend as in the ZnSO 4 treatments (Figure 1b) . The uricase + CuSO 4 and the uricase preincubated with CuSO 4 blocked the activity of the microbial uricase (approximately 90% inhibition) (P < 0.05). However, the immediate uricase treatments with MgSO 4 and MnCl 2 (uricase + MgSO 4 or MnCl 2 ) did not inhibit the activity of microbial uricase (Figure 2 ). When the uricase was preincubated with MgSO 4 or MnCl 2 for 15 min before the uricase assay, the decomposition of uric acid was reduced to 80 and 66%, respectively, compared to the uricase treatment (P < 0.05). Therefore, the uricase assays demonstrated that ZnSO 4 and CuSO 4 strongly inhibited uricase activity, whereas MgSO 4 and MnCl 2 had comparatively less impact on the enzyme.
Experiment 2
Experiment 2 was designed to determine the effect of ZnSO 4 treatment on the growth of uric acid-utilizing microorganisms. Because ZnSO 4 showed significant inhibitory effects on microbial uricase activity in Experiment 1, it was expected that ZnSO 4 might impact the growth of the uric acid-utilizing microorganisms isolated from poultry manure.
The effects of ZnSO 4 treatments on the growth of the uric acid-utilizing microorganisms isolated from poultry manure are presented in Table 2 along with the impact on medium pH. The number of uric acid-utilizing microorganisms in 10 mM ZnSO 4 was significantly reduced on Day 5 compared to the control. The 50 mM ZnSO 4 treatment significantly reduced the numbers of these microorganisms (<3.00 log cfu/mL) at all time periods compared to the control and 10 mM ZnSO 4 treatments. These data demonstrated that ZnSO 4 treatment significantly reduced the growth of uric acid-utilizing microorganisms isolated from poultry manure.
The 10 and 50 mM ZnSO 4 treatments significantly reduced medium pH compared to the control. The pH of the control and 10 mM ZnSO 4 treatments increased as incubation time increased, whereas the pH of the 50 mM ZnSO 4 treatment was less than 4 during the entire experi-FIGURE 1. The effects of ZnSO 4 and CuSO 4 on microbial uricase activity. Panel A: uricase = 3.03 mL borate (20 mM) + 0.1 mL uric acid (3.57 mM) + 0.02 mL uricase (1 U/mL); uricase + ZnSO 4 = 3.03 mL borate (20 mM) + 0.1 mL uric acid (3.57 mM) + 0.02 mL uricase (1 U/mL) + 0.03 mL ZnSO 4 (10 mM); uricase preincubated with ZnSO 4 = 3.03 mL borate (20 mM) + 0.1 mL uric acid (3.57 mM) + 0.02 mL uricase (1 U/mL) + 0.03 mL ZnSO 4 (10 mM). Panel B: uricase = 3.03 mL borate (20 mM) + 0.1 mL uric acid (3.57 mM) + 0.02 mL uricase (1 U/mL); uricase + CuSO 4 = 3.03 mL borate (20 mM) + 0.1 mL uric acid (3.57 mM) + 0.02 mL uricase (1 U/mL) + 0.03 mL CuSO 4 (10 mM); uricase preincubated with CuSO 4 = 3.03 mL borate (20 mM) + 0.1 mL uric acid (3.57 mM) + 0.02 mL uricase (1 U/mL) + 0.03 mL CuSO 4 (10 mM). For the uricase preincubated with ZnSO 4 or CuSO 4 , uricase was incubated with ZnSO 4 or CuSO 4 for 15 min before the assay. Absorbance at 293 nm (A293) is a measure of uric acid concentration. FIGURE 2. The effects of MgSO 4 and MnCl 2 on the microbial uricase activity. Panel A: uricase = 3.03 mL borate (20 mM) + 0.1 mL uric acid (3.57 mM) + 0.02 mL uricase (1 U/mL); uricase + MgSO 4 = 3.03 mL borate (20 mM) + 0.1 mL uric acid (3.57 mM) + 0.02 mL uricase (1 U/mL) + 0.03 mL MgSO 4 (10 mM); uricase preincubated with MgSO 4 = 3.03 mL borate (20 mM) + 0.1 mL uric acid (3.57 mM) + 0.02 mL uricase (1 U/mL) + 0.03 mL MgSO 4 (10 mM). Panel B: uricase = 3.03 mL borate (20 mM) + 0.1 mL uric acid (3.57 mM) + 0.02 mL uricase (1 U/mL); uricase + MnCl 2 = 3.03 mL borate (20 mM) + 0.1 mL uric acid (3.57 mM) + 0.02 mL uricase (1 U/mL) + 0.03 mL MnCl 2 (10 mM); uricase preincubated with MnCl 2 = 3.03 mL borate (20 mM) + 0.1 mL uric acid (3.57 mM) + 0.02 mL uricase (1 U/mL) + 0.03 mL MnCl 2 (10 mM). For the uricase preincubated with MgSO 4 or MnCl 2 , uricase was incubated with MgSO 4 or MnCl 2 for 15 min before the assay. Absorbance at 293 nm (A293) is a measure of uric acid concentration. ment. These results indicated that the pH-reducing effect of ZnSO 4 could contribute to the growth reduction of the uric acid-utilizing microorganisms in addition to the inhibitory effect on the uricase enzyme.
Experiment 3
In Experiment 3, the effect of ZnSO 4 on NH 3 volatilization and N retention in poultry manure was evaluated Means within a column with different superscripts differ significantly (P < 0.05).
1 Control = 50 mL fresh uric acid medium; 10 mM ZnSO 4 = 50 mL fresh uric acid medium + 0.1438 g ZnSO 4 ; 50 mM ZnSO 4 = 50 mL fresh uric acid medium + 0.719 g ZnSO 4 . Ten microliters of enrichment from poultry manure that had been transferred three times in fresh uric acid medium was inoculated into each treatment at 25 C. 2 n = 2 per mean.
using an NH 3 -trapping system. Because the inhibitory effect of ZnSO 4 on uricase activity and the growth of the uric acid-utilizing microorganisms were demonstrated in the previous experiments, it was predicted that ZnSO 4 treatment would reduce NH 3 volatilization and thereby increase N retention in poultry manure.
The cumulative ammonium N trapped by the system during the 21-d incubation is shown in Figure 3 . In all treatments, cumulative ammonium N trapped increased as the incubation time increased. The results of regression line analysis indicated that the 1 and 2% ZnSO 4 treatments reduced NH 3 volatilization approximately 15 and 26% compared to the control (P < 0.05), respectively, whereas there were no significant differences in cumulative ammonium N levels between the control and other Zn treatments. Control and treated manure levels of uric acid and total N before and after the 21-d incubation are shown in Table  3 . Initial levels of uric acid were not significantly different among the treatments, except for the ZnSO 4 -2, which had significantly less acid than the control, ZnSO 4 -0.1, and ZnSO 4 -1 on Day 0. After the 21-d incubation, the control had retained significantly less uric acid compared to the ZnSO 4 treatments, except for the ZnSO 4 -0.1.
There was no significant difference in total N levels among the treatments on Day 0. However, all ZnSO 4 treatments maintained significantly higher total N levels than the control after the 21-d incubation (P < 0.05). The total N levels of the ZnSO 4 -1 and ZnSO 4 -2 were significantly higher than the other treatments (P < 0.05) and not different from one another on Day 21. Even the ZnSO 4 -0.05 and ZnSO 4 -0.5 retained significantly more N than Means within a column with different superscripts differ significantly (P < 0.05). the control and ZnSO 4 -0.1, and the ZnSO 4 -0.1 treatment retained significantly more than the control.
The N retention percentages of the ZnSO 4 treatments were compared relative to the control in Table 3 . The results indicated that all ZnSO 4 treatments increased total N retention compared to the control, raw manure, and the 1 and 2% levels maintained more than half their original N concentration.
The pH of the control and ZnSO 4 treatments on Days 0 and 21 is shown in Table 4 . Initially on Day 0, the ZnSO 4 -1 and -2 treatments significantly reduced pH of poultry manure compared to the control and other ZnSO 4 treatments. However, after the 21-d incubation, there was no significant difference in pH among the treatments. This result suggests that the pH reduction by ZnSO 4 is transient and does not hold for 3 wk of incubation. This study demonstrated that ZnSO 4 treatment of manure reduced NH 3 volatilization and increased N retention in poultry manure by inhibiting uricase activity and the growth of uric acid-utilizing microorganisms. Means within a column with different superscripts differ significantly (P < 0.05). 
DISCUSSION
Experiment 1 demonstrated that Zn and Cu almost completely blocked the activity of microbial uricase, whereas Mn and Mg only moderately inhibited it. These findings are in agreement with the results of Machida and Nakanishi (1980) and Bongaerts et al. (1978) . Machida and Nakanishi (1980) purified uricase from Enterobacter cloacae and characterized the properties of this enzyme. The authors reported that CuSO 4 , MnSO 4 , and MgSO 4 inhibited 67.9, 8.8, and 5.0% of uricase activity, respectively. They also reported that AgNO 3 (90%) and CoSO 4 (48.7%) inhibited the activity of uricase. Bongaerts et al. (1978) found that ZnSO 4 , CuSO 4 , and MnCl 2 inhibited 93, 52, and 12% of the activity of uricase from Bacillus fastidiosus, respectively. Therefore, Cu and Zn could be used as potential uricase inhibitors to reduce ammonia volatilization in poultry manure. Although Zn and Cu showed strong inhibitory effects on the activity of microbial uricases, Zn is less environmentally toxic than Cu (Schmidt, 1997) , and poultry have more tolerance to Zn than Cu.
In Experiment 2, the ZnSO 4 treatments significantly inhibited the growth of uric acid-utilizing microorganisms isolated from poultry manure. The uricase-inhibitory and pH-lowering effects of ZnSO 4 might have inhibited the growth of these microorganisms. The result of the in vitro uricase assay showed that ZnSO 4 almost completely blocked uricase activity. The inhibitory effect might reduce the microorganisms' ability to utilize uric acid, suppressing growth. Furthermore, the pH of the 50 mM ZnSO 4 treatment remained below 4 throughout the 8-d experiment. Growth of uric acid-utilizing microorganisms isolated from poultry manure was drastically reduced at pH 3 and 11. Therefore, medium pH seems to be very important for controlling these microorganisms in addition to uricase activity. Some studies have reported that the optimum pH for uricase is around 9.5 (Bongaerts et al., 1978; Machida and Nakanishi, 1980) . Machida and Nakanishi (1980) also indicated that the activity of uricase from Enterobacter cloacae was significantly reduced below pH 7 and above pH 10. This microbial uricase was stable around pH 8.5 and relatively stable in alkaline pH.
The results of Experiment 3 indicated that the ZnSO 4 treatment significantly increased uric acid-N and total-N in manure. Greater total-N retention by manure treated with ZnSO 4 can be explained by uric acid N retention. Uric acid N levels in the manure were increased as ZnSO 4 levels increased. However, greater total N retention in the ZnSO 4 treatments cannot be fully explained by greater uric acid N retention via inhibition of microbial uricase activity. For instance, the uric acid N of the ZnSO 4 -1 (1.58 g) was 0.47 g higher than the control (1.11 g), whereas the total N of the ZnSO 4 -1 (3.21 g) was 0.94 g higher than the control (2.27 g). Thus, only 50% of total N retention relative to the control could be explained by the increase in uric acid N retention. There are other possible explanations for additional N retention: 1) Zn treatments may affect the activities of the other microbial enzymes in the intermediate steps of uric acid decomposition in addition to uricase, 2) Zn treatments may affect the enzyme activities of heterotrophic microorganisms that are involved with ammonification of undigested protein in the manure, or 3) Zn treatments may increase NH 4 -N retention by lowering pH.
There are five enzymatic steps in aerobic degradation of uric acid (Bachrach, 1957; Bongaerts et al., 1978) . First, uricase converts uric acid into allantoin. Second, allantoin is converted into allantoic acid by allantoinase. Third, allantoic acid is converted into ureidoglycolate by allantoate amidohydrolase. Fourth, ureidoglycolate is converted into glyoxylate and urea by ureidoglycolase, and finally, urea is hydrolyzed into ammonia and CO 2 by urease. The Zn treatments herein might influence these five enzymes, increasing the retention of intermediate components of uric acid.
Ammonification is the biological transformation of organic-N compounds to ammonium, which is mediated by enzymes produced by microorganisms (Sylvia et al., 1999) . The ammonification of undigested protein in the manure could influence N retention; extracellular enzymes, such as proteases and peptidases, break down undigested protein in the manure, and the resulting amino acids are taken up and metabolized by microorganisms, generating ammonium or ammonia. Thus, Zn treatments might adversely influence the activities of these extracellular enzymes involved in the ammonification of undigested protein in the manure.
The manure uric acid N and total N levels on Day 21 overall showed linear responses to ZnSO 4 doses, except for the 0.1 and 2% ZnSO 4 treatments. The uric acid and total N levels of the 2% ZnSO 4 treatment on Day 21 were similar to those of the 1% ZnSO 4 treatment. One of the possible explanations is that a concentration plateau was reached at 1% ZnSO 4 , therefore no further response was realized for the 2% treatment. In case of the 0.1% ZnSO 4 treatment, no explanation can be determined.
The results of Experiment 3 showed that the 1 or 2% ZnSO 4 treatments immediately reduced manure pH. The pH-reducing effect of ZnSO 4 may be responsible for the increased total N retention in the present study by converting NH 3 to NH 4 + . Several studies demonstrated that chemical acidifying agents increased total N retention in poultry manure or litter by converting NH 3 to NH 4 + . Burgess et al. (1998) investigated the effect of pH on N retention in poultry manure. They treated poultry litter with 10% Al 2 (SO 4 ) 3 (wet weight basis) either in small or large batches and found treatments reduced litter pH, resulting in higher N retention compared to untreated litter. Moore et al. (1996) evaluated chemical amendments, such as aluminum sulfate (65 or 130 g/kg of litter), ferrous sulfate (65 or 130 g/kg), ferrous chloride (50 or 100 g/kg), and phosphoric acid (20 or 40 g/kg), for their ability to reduce NH 3 volatilization from poultry litter. The authors indicated that chemical amendments significantly reduced pH levels of poultry litter, decreasing NH 3 volatilization, along with increasing NH 4 -N and total N retention. Thus, the pH impact of these chemicals is important in N retention in manure or litter. Although the 1 and 2% ZnSO 4 treatments in the present study significantly reduced pH levels initially compared to the control, by Day 21, there were no significant differences in pH among the treatments. Thus, the ZnSO 4 treatments had some transient pH-lowering effect; however, unlike other chemical amendment studies, the amount of ZnSO 4 used herein was much less than that of the other studies that used chemical amendments up to 13% of manure weight.
The present study demonstrated that ZnSO 4 reduced NH 3 gas production from poultry manure. Thus, ZnSO 4 could be used as a litter or manure treatment like other chemical amendments to reduce NH 3 volatilization. However, it requires some additional labor to spread the litter treatments. An alternative way to use ZnSO 4 for reducing NH 3 volatilization is to supplement ZnSO 4 into poultry diets. Further studies are needed to evaluate the effects of ZnSO 4 supplementation to poultry diets on bird performance and NH 3 volatilization in poultry manure in the future.
